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Abstract 

Aim: This study aimed to identify the skin bacterial infection in atopic dermatitis patients treated at 7A Military Hospital, and evaluate the infection rate, effect 
on dermatitis conditions, and antibiotic resistance of S. aureus in the studied patients. The study was expected to serve as references for clinical activities in 
further researches of atopic dermatitis and related infections. 

Materials and Methods: This study employed the in-vitro experimental approach and convenience sampling. The total sample size comprised of 190 isolating 
samples from 190 patients. The severity of atopic dermatitis was assessed using the SCORAD index. Antibiotic susceptibility test followed the modified Kirby 
- Bauer method and the 2015 CLSI criteria. Data analysis was performed using the biological statistical algorithm with SPSS 16.0 software. 

Results: S. aureus accounted for 76.32% of all samples. The infection rate was higher in longer disease contract, presence of personal or family atopy, and 
higher recurrence, itchiness, and severity (p < 0.05). Resistance was high against clindamycin (77.2%) and erythromycin (76.6%), significant against cefoxitin 
(49.7%), and low against amikacin (4.1%). 

Discussion: The dominance of S. aurerus presence in the isolates and its role as both the cause and consequence of atopic dermatitis was well-known in the 
medical literature. Considerable cefoxitin resistance signified the presence of methicillin-resistant strain (MRSA), and the resistance against clindamycin and 
erythromycin was also reported in the literature. Amikacin still maintained its effectiveness and that was corresponding with other medical reports. 

S. aureus infection and relationship with atopic dermatitis were explainable by the medical literature. MRSA prevalence and resistance against clindamycin 
and erythromycin were alarming. Amikacin was still a viable treatment. Infection control, alternative treatments, and drug resistance monitors should be 
performed rigorously. 
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Introduction 

Atopic dermatitis (AD) is a common chronic, recurring skin 
inflammation with typical symptoms of pruritus, skin dryness, 
and other skin lesions. The pathogenesis is complex and still 
somewhat unclear, amongst which immunity disorders and 
cutaneous infections play a significant role. The condition 
usually develops in early childhood, as 60% of patients have 
symptoms before one year of age, and about 10 - 20% of the 
pediatric population suffered from this disease. In the U.S., the 
disease affects 11.3 - 12.7% of the adults and 6.9 - 7.6% of 
the children. In the U.K., 10.6% of children aged 13-14 years 
and 8.1% of the adults have this disease, and in Denmark, the 
number is 21.3% and 10%, respectively [1,2]. In the Asia-Pacific, 
the 12-month prevalence of AD in children aged 13-14 years 
ranges from 0.9% in China to 9% in Malaysia and Singapore [3]. 
Impaired skin immunity in AD patients is expected to facilitate 
microbial infection, especially the bacterium Staphylococcus 
aureus; up to 90% cases of AD had S. aureus infection. The 
bacterium, in turn, also exacerbates dermatitis and facilitates 
the virulence and toxicity of bacterial infection in general [4]. 
To make matters worse, antibiotics resistant strains start 
emerging especially the infamous methicillin-resistant strains 
(MRSA) [5]. Identification of skin bacteria on atopic dermatitis 
and their drug resistance for selection of proper treatment is, 
consequently, essential. As a result, this study was performed 
on atopic dermatitis patients in 7A Military Hospital to fulfill 
the listed below goals: 

1. Identify the skin bacteria in the patients. 

2. Assess the infection rate of skin S. aureus which was expected 
to dominate the skin bacteria. 

3. Assess S. aureus effect on the illness severity and its 
antibiotic resistance. 

The results are expected to serve as reference data for clinical 
activities and contribute to the basis for further insights and 
researches on this issue. 


Material and Methods 

Date, location, experimental objects, and participants 

This study was performed on 190 isolating samples harvested 
from pathologic skin scales of 190 atopic dermatitis patients 
treated at 7A Military Hospital from July 2017 to December 
2019. The diagnosis of atopic dermatitis was based on Hanifin 
and Rajka (1980) [6, 7]. Patients aged less than 2 months, 
patients with systemic diseases, diabetes, mental conditions, 
and other underlying conditions were excluded from the study. 
Patient participation was strictly voluntary. 

Study design and procedures 

This study employed the in-vitro experimental approach and 
convenience sampling. The total sample size comprised of 190 
isolating samples from 190 patients. The severity of atopic 
dermatitis was assessed using the SCORAD index [8]. 

The sampling was done at the lesion sites. The area surrounding 
the lesion was cleaned and sterilized with ethanol. The lesion 
was Cleaned with gauze and saline. The sterilized cotton swabs 
were used to collect lesion pus, debris, or underlying tissue 
samples for bacteria isolation. Bacteria isolated from the 
samples were identified and tested for antibiotic resistance 
using the modified Kirby - Bauer method [9] and the 2015 CLSI 


criteria (M100-S25 Performance Standards for Antimicrobial 
Susceptibility Testing; Twenty-Fifth Informational Supplement). 
Data analysis was performed using the biological statistical 
algorithm with SPSS 16.0 software. 

Ethical declaration 

Participation in this study was strictly voluntary. The participants 
were informed of the study beforehand. Participant privacy was 
guaranteed, personal and pathologic data of the participants 
were kept in secret using computer encoding. The agreement of 
parents or guardians was strictly required for the participation 
of patients below 15 years of age. The participants were 
guaranteed to receive compensation for any injuries caused by 
the study, to have their rights and interests preserved, and to be 
protected against any discrimination. The participants had the 
right to withdraw from the study without having any penalties 
or punishments. 

The Medicine Scientific Research Ethics Committee of the 7A 
Military Hospital approved this study (Number: 83/QD-HDYD- 
BV7A, date: 20.06.2017). 


Results 

Bacterial presence on patients’ skin samples 

Amongst the 190 isolating samples from 190 patients treated 
in 7A Military Hospital from July 2017 to December 2019, 18 
had no bacterial isolates (9.47%), and 172 had bacterial isolates 
(90.53%). There were 145 S. aureus isolates (76.32%), 20 
coalugase-negative Staphylococci (CoNS) isolates (10.53%), 5 
Streptococcus spp. isolates (2.63%), and 2 other Gram-negative 
bacilli isolates (1.05%). 

Demographics and clinical data of S. aureus infections in atopic 
dermatitis patients 

Genders and geographical dwellings 

Amongst the S. aureus infected patients, 71 (49.00%) were 
males and 74 were females (51.00%). Seventy-seven cases 
were the city-dwelling patients (53.1%) and 68 cases (79.0%) 
were rural patients. There was no significant difference 
between genders or between urban and rural areas (p > 0.05). 
Ages and occupation 

The highest S. aureus infection rate was observed in patients 
aged under 18 years (55.2%). Adult patients over 18 years old 
accounted for 44.8%. The average age of S. aureus infected 
patients was 26.3+2.4 years. Children under school age and 
students accounted for the highest percentage of occupations 
(55.2%), workers and farmers made up 25.5% and patients 
with other occupations accounted for 19.3%. The differences 
between ages and between jobs were not significant (p > 0.05). 
Time of disease contract 

There was a sudden increase in the percentage of S. aureus 
infection in patients who has atopic dermatitis for more than 
one year. The lowest rate was in patients who had atopic 
dermatitis for less than 6 months (5.5%), followed > 6 - < 12 
months (9.7%), >5 years (24.8%), >2 - < 5 years (26.9%), >1 - < 
2 years 33.1%. The difference was significant (x2 = 8.4, p < 
0.05). 

Personal and family clinical history 

The S. aureus infection rate for asthma, allergy, and allergic 
rhinitis history, and no history patients was 6.2%, 38.6%, 32.4%, 
22.8%, respectively. The S. aureus infection rate for a patient 
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with family asthma, allergy, and allergic rhinitis history, and no 
history was 6.2%, 38.6%, 32.4%, 22.8%, respectively. Patients 
with personal and family asthma, allergy, and allergic rhinitis 
history had a higher S. aureus infection rate (x2 was 8.9 and 
23.4, respectively, p < 0.05). 

Recurrence and symptoms 

The majority of patients with S. aureus infection were recurring 
patients (98.6%), only 2 patients (1.4%) did not experience 
recurrences. Most S. aureus infection patients had high itchiness 
(95.2%), only 4.8% reported low itchiness. 

Lesion position and condition stage 

The infection rate of S. aureus was 88.4% in flexor sites, 
significantly higher than other areas (p < 0.05). There were 
18.6% of patients who had lesions in both flexor and extensor 
sites and only 26.2% of patients had lesions in extensor sites 
which were more popular in children than adults. S. aureus 
infection rate was highest in lower limbs (84.9%), followed by 
arms (60.4%), cheeks (60.0%), body (33.3%). High infection in 
the limbs was due to high exposure of these areas to the outer 
environment. S. aureus infection rate was found in 73.1% of 
acute dermatitis, 20.7% of semi acute dermatitis, and only in 
6.2% of chronic dermatitis. 

S. aureus infection and the severity of atopic dermatitis 

The SCORAD index of patients positive for S. aureus was 
significantly higher than of negative patients (p < 0.01) (data 
not presented), implying a relationship between the infection 
and atopic dermatitis severity. 

S. aureus antibiotics resistance 

Resistance in general 

S. aureus isolated in this study had the highest resistance 
against clindamycin (77.2%) and erythromycin (76.6%). 
Resistance against cefoxitin - the specific marker for MRSA 
strains [10] - achieved the third rank (49.7%). Resistance against 
levofloxacin, ciprofloxacin, trimethoprim+ sulfamethoxazole, 
chloramphenicol, and gentamycin was from 29.0% to 46.9%. 
Lowest resistance was observed against amikacin (4.1%) (Table 
1). 

Resistance per dermatitis severity 

S. aureus antibiotics resistance between different dermatitis 
severity levels was not significantly different in most cases (p 
> 0.05) except for clindamycin in which resistance of medium 
severity (71.9%) was significantly higher (p < 0.05) (Table 2). 
There was also no significant difference in resistance per lesion 
location. 

Resistance per condition stages 

Antibiotic resistance of S. aureus against cefoxitin, clindamycin, 
levofloxacin, gentamycin, and erythromycin was different in 
different stages (p < 0.05), the highest resistance was observed 
in the acute stage. The difference in resistance between 
stages was not significant in the cases of ciprofloxacin, 
chloramphenicol, and trimethoprime+sulfamethosazole (p > 
0.05) (Table 2). 

Resistance per itchiness level 

Antibiotics resistance of S. aureus against clindamycin in high 
itchiness (69.7%) was 4.7 times higher than in low itchiness 
(p < 0.05), against chloramphenicol in high itchiness (42.0%) 
was 7.5 times higher than in low itchiness (p < 0.01), against 
gentamycin in high itchiness (42.9%) was 3.3 times higher than 


Table 1. S. aureus antibiotic resistance in general 


Susceptible Intermediate Resistant 
Antibiotics 
n % % 
Amikacin 139 95.9 () (e) 6 41 145 
Cefoxitin 73 50.3 (o) (o) 72 49.7 145 
Clindamycin 29 20.0 4 28 112 77.2 145 
Ciprofloxacin 94 64.8 2 14 49 33.8 145 
Chloramphenicol 76 52.4 5 3.4 64 44.1 145 
ass 85 58.6 6 4d 54 372 145 
Levofloxacin 103 71.0 (o) (0) 42 29.0 145 
Gentamycin 73 50.3 4 2.8 68 46.9 145 
Erythromycin 31 21.4 3 21 11 76.6 145 


Table 2. Antibiotic resistance of S. aureus per dermatitis sever- 
ity and condition stages 


Stages 


Antibiotics Semi acute Chronic 


%R %R 


Amikacin 6 49 2 3.1 1 5.7 0.7 
Cefoxitin 58 525) lz 32.4 5 25.2) 8.3 
Clindamycin 86 76.9 27 517 7 28.5 21.6 
Ciprofloxacin 59 34.3 12 22.6 5) 23.2 2.8 
Chloramphenicol 49 44.2 16 31.1 5 30.3 24 
teen eee 38 341 18 319 6 27705 
Levofloxacin 38 34.5 9 14.7 5 24.2 6.5 
Gentamycin 55 49.7 14 25.5 ) 35:5) 8.3 
Erythromycin 85 78.7 24 45.1 8 39.1 16.4 


Dermatitis severity 


Medium Severe 


%R %R 


Amikacin 0 0.0 5 4.2 3 8.7 3.2 
Cefoxitin 6 Oily 59 44.6 15 42.5 0.8 
Clindamycin 3 18.2 94 71.9 22 61.5 16.8 
Ciprofloxacin 1 Se 38 29.3 14 37.8 46 
Chloramphenicol 5 25.8 54 41.2 15 38.9 1.6 
Eee aie 5 259 46 33.9 14 38.9 07 
Levofloxacin 2 7.3 35 26.9 12 32.9 3.8 
Gentamycin a 2a 52 41.9 Iz 47.9 5.6 
Erythromycin 7 35.7 89 67.5 25 64.9 5.5 


Table 3. S. aureus antibiotic resistance per itchiness level 


Itchiness level 


Antibiotics Low 

OR (95%Cl) 
Amikacin 8 49 (e) (0) 0.95 (0.91-0.99) 
Cefoxitin 69 43.8 9 37.4 1.4 (0.5-3.3) 
Clindamycin 111 69.7 8 32.8 4.6 (1.8-11.4) 
Ciprofloxacin 51 32.4 4 14.6 2.9 (0.9-10.0) 
Chloramphenicol 69 42.0 1 92 7.6 (1.8-34.4) 
Nl 56 352 8 27.9 1.5 (0.5-3.8) 
Levofloxacin 45 28.2 5 15.6 2.4 (0.7-8.6) 
Gentamycin 68 42.9 5 19.2 3.4 (1.1-10.3) 
Erythromycin 109 68.7 10 42.9 3.1 (1.3-7.6) 
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in low itchiness (p < 0.05), against erythromycin in high itchiness 
(68.7%) was 3,0 times higher than in low itchiness (p < 0.05). 
Difference between itchiness level against amikacin, cefoxitin, 
ciprofloxacin, levofloxacin, trimethoprim + sulfamethoxazole 
was not significant (p > 0.5) (Table 3). 


Discussion 

S. aureus infection in atopic dermatitis patients 

S. aureus was dominant amongst infecting bacteria, accounted 
for 76.32% samples, and 90.53% positive isolates. The 
bacterium, in fact, has long been known for its prevalence in 
atopic dermatitis as 90% of the cases were positive [4, 11]. 
Dam and Nguyen (2010) report 76.7% presence of S. aureus [12] 
and Alenizi (2014) observed 65% infection in lesions, compared 
with 30% in healthy skin and 13.33% in healthy children [13]. 
The SCORAD index of patients positive with S. aureus was 
significantly higher than of negative patients (p < 0.01) (Figure 
1), implying a relationship between the infection and atopic 
dermatitis severity. This was similar to the studies of Alenizi 
(2014) [13]. S. aureus infection has long been known as both a 
consequence and cause of atopic dermatitis; dermatitis resulted 
in changes in the skin structure and the immunity systems leads 
to greater adhesion and colonization of S. aureus. The bacteria 
in turn excessively stimulate immunity responses, express 
cytotoxicity, and protect other opportunistic pathogens in the 
lesion sites, which exacerbate the AD. Medical damage such as 
scratching, which is common due to itchiness, also contributes 
to bacterial colonization and then further increases AD severity, 
which explains higher infection with itchiness level. [4] Such 
a relationship also explains the positive relationship between 
personal and family allergic atopy with S. aureus infection, as 
allergy was observed to have a positive relationship with AD 
[11]. Contract time and recurrence lead to a higher frequency 
and longer time of skin damages, hence increase bacterial 
exposure and contribute to the correlation between them and 
infection rate. 

Antibiotic resistance of S. aureus 

S. aureus naturally is sensitive to most known antibiotics. 
However, its extensive antibiotic resistance developed quickly 
and antibiotics became prominent selective pressure to its co- 
evolutionary with humans. Amongst the resistant strains is the 
notorious methicillin-resistant S. aureus (MRSA) which is known 
for its multidrug resistance (MDR), high diversity, a large scale 
of infection worldwide, and a considerable rate of morbidity 
and mortality [5]. The prevalence of MRSA in this study was 
significant as the resistance against cefoxitin, the specific 
marker for MRSA, is high (49.7%). Vicetti Miguel et al. (2019) 
reported 55.7% MRSA amongst available 37070 isolates in 9 
years [14]. Saba et al. (2017) detected 17% putative MRSA 
isolates harvested in hospital public point contacts with 
significant MRA capability, included one pandrug resistant 
(PDR) isolate [15]. In atopic dermatitis patients, Jagadeesan et 
al. (2014) observed 25.21% MRSA in children aged less than 
12 years [16], Jung et al. (2015) detected 12.9% MRSA isolates 
[17]. 

The bacteria isolated in this study had significant resistance 
against clindamycin (77.2%) and erythromycin (76.6%). 
Resistance against the duo and related antibiotics has been 


detected for long in various cases worldwide as a response to 
their frequent use both to treat the MRSA as an alternative 
of methicillin and the methicillin-sensitive strains (MSSA) 
[18,19]. Some other studies, however, reported, although still 
significant, a much lower resistance against the above duo 
[15, 20], hence a wider sampling and longer monitoring are 
necessary to determine the extent and scale of resistance to 
the duo and the related drugs. 

On the other hand, amikacin resistance of the isolated S. aureus 
was low (4.1%). High susceptibility to amikacin and vancomycin 
in both MSSA and MRSA was observed in many studies [18, 21]. 
Experiments of Broussou et al. (2018) showed that amikacin - 
vancomycin combo was effective against both planktonic and 
biofilm S. aureus and could prevent amikacin resistance [22]. 
Antibiotics resistance was not different in different dermatitis 
severity except the case against clindamycin. Clindamycin and 
erythromycin were also significantly less effective in the acute 
stage and high itchiness, but that had little meaning within this 
study as the duo was unfavorable overall. 

Remarks and recommendations 

The high occurrence of S. aureus infection in atopic dermatitis 
has long been recorded in literature and it is also well known 
as both the result of and reason for this disease. A positive 
relationship between infection and AD severity, recurrence, 
time, and itchiness can be explained within this framework. 
Prevention and treatment of S. aureus infection, therefore, is 
essential for the treatment of atopic dermatitis. It should be 
noticed that the bacteria, including drug-resistant strains, are 
common nosocomial pathogens and account for considerable 
morbidity and mortality amongst inpatients [5], hence control 
and prevention of hospital-acquired infection should be paid 
enough attention at. 

The significant prevalence of MRSA strains, expressed 
via cefoxitin resistance (49.7%) was worrying due to their 
notorious MDR capability (especially against B-Lactams) and 
poor treatment outcome. Popular alternatives of B-Lactams 
include clindamycin and erythromycin although their extensive 
use both against MRSA and MSSA also leads to considerable 
resistance; in this study, the duo was rendered ineffective hence 
their administration is inadvisable. However, other studies still 
reported better outcomes; the effects of the duo, therefore, 
should be monitored and evaluated in researches at larger 
scales. Other alternatives comprised amikacin and vancomycin, 
which were still very effective in many studies and this study. 
Some approaches besides antibacterial agents comprised the 
antimalarial artemisinin [23], host antibodies or antimicrobial 
peptides [24, 25] are being researched and showing promise. 
Conclusions 

This study showed the dominant occurrence of S. aureus 
infection in atopic dermatitis cases and the positive relationship 
between the infection and the length of dermatitis contract, 
personal or family atopy, recurrence, and severity, which was 
explainable by the medical literature. The bacteria showed 
strong resistance to clindamycin and erythromycin and a 
significant prevalence of MRSA strains, which was a worrying 
issue. Amikacin resistance was low hence the drug could be a 
potential solution. Prevention of pathogen infection, exploration 
of other treatment alternatives, and further researches and 
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monitoring of the bacterial resistance should have higher 
attention to mitigate S. aureus effects on atopic dermatitis and 
the severity of AD in general. 
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